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-X Pre-combustion Catalytic Converter 
and a Pro^aflfl for Producing Such is Converts* 

Introduction 

The present invention relates to a pre-combu«tion 
catalytic converter and to a process for producing such a 
converter. 

5 It: is well known to us© a post-combustion catalytic 

converter to reduce noxious emissions from internal ) 
combustion engines- Typically, such converters have a 
honeycomb substrate of cordierite, which is a high- 
temperature ceramic. This substrate is plated with a 

10 catalyst of platinum material over a porous layer of 
aluminium oxide. . Because of the expensive materials 
required and the complex structure, such converters are 
very expensive to produce. This is a major factor in 
limiting the spread of their use with consequent major % 

15 adverse implications for the environment. 

Some pre-combustion catalytic converters have been £ 
described in the art. However , they do not appear to have 
been implemented to a significant extent in practice, 
partly because they arVv Either not effective or are . 
20 difficult and expensive ta manufacture and maintain. 

In the art, US 3582608 (Hicks) includes a very general 
description of catalysis of fuel before combustion for 
improved effectiveness. However, Hicks concentrates on 
the mesh structure for additional fuel-catalyzer contact 
25 and gives little detail of the catalysis. 

Some of the prior art describes use of a combination of , 
tin, antimony/ lead and mercury to provide an alloy which 
catalyses components of fuel for improved efficiency 



I 
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and/or reducing toxicity of the exhaust gases. However, 
these arrangements do not appear to be particularly 
effective. ZA 644782 (Broquet) describes use of this type 
of alloy in the form of pellets immersed in the fuel tank* 

5 A pre-combustion catalytic converter having a platinum 
catalyst is described in US 5092303 (Brown). The catalyst 
is heated by an electric heater and causes cracking of 
liquid hydrocarbons in contact with it. It is not clear 
how effective the converter is, however, it appears to be 
10 expensive to produce because of the materials used and tho ) 
need for a heater and associated control devices. 

Thus, while it has been apparent for some time that an 
effective pre-combustian catalytic converter would be 
desirable as it would be vastly less expensive and simpler 

15 to install than poat-combustion converters , heretofore 
they have not been used in practice because of lack of 
effectiveness for various reasons. This is causing on- 
going environmental problems in moac countries of the 
world. There is therefore an urgent need for an effective 

2 0 pre-convbustica converter. The invention is directed 
towards providing such a converter . 

The invention provides a pre-combus tion catalyt*c . 
converter comprising .a porous filler., formed at least 
25 partially from or having a coating of a catalytic 
formulation of a stable intermetallic compound. 



r 



The filter may be mounted in a 'conventional fuel filter 
housing or alternatively in a housing for mounting in a 
fuel tank to complete the converter. 
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In one embodiment./ the filter comprises an. alloy of. tin 
and antimony- 

Preferably, the tin atomic composition is in the range of 
39.5% to 57*. 

S Preferably, the filter hag a porosity in the range of 30% 

to 50%. Y 

In another embodiment, the filter has a permeability of 1 

x 10- 1 V to 400 x 10- u m\ : . J - 

In a further embodiment, the filter has pores with sizes 
10 in the range of 2uiu to 300uiru 

According to the invention, there is provided a process . 
for producing a filter . for a pra-combustion catalytic 
converter, the process comprising the steps of c- 

preparing a catalytic formulation of a stable 
15 intermetallic compound; and 

C 

forming the formulation into a porous filter or 
coating the formulation onto a porous filter 
substrate. >- ; 

When produced, the filter may be . inserted in"*-e **' 
20 conventional fuel filter housing, or -.alternatively in a 
housing for mounting in a fuel tanJc. As fuel passes 
through the filter, the molecules of fuel such as octane 
are chemically activated to cause more complete combustion 
with consequent reduced noxious exhaust emissions. 



25 In one embodiment, the formulation comprises tin and 
antimony. 



06/10/84 09:04 



TP I E INTER' L PATENT &LRUJ OFFICE 4 509375443? 



ND.468 P008/023 



- 4 - 

In one embodiment/ the formulation has a tin atomic 
composition in the range o£ 39,5% to 57*. 

In another embodiment, the filter is am integral porous 
structure formed by preparing a malt, forming the melt 
5 into droplets, rapidly solidifying the droplets to form 
intermatallic paxticles, and subsequently bonding the 
particles. In this embodiment, an inert atmosphere is 
provided around the -melt to prevent oxidation- The 
droplets may be formed by gas atomJLsation whereby en inert 
10 gas breaks up a melt stream into the t droplets. Nitrogen 

may be used for atomisatian. The melt temperature is • ] j • 
preferably below a level at which the melt becomes 
5igniticantly reactive and absorbs and/or reacts with 
oxygen . 

15 In one embodiment, the particles axe bonded by sintering. 

In the latter embodiment, the melt may comprise tin and 
antimony and the sintering may take place at a temperature 
in the range 300 3 C to 425 a C for a time duration of 20 to 40 
minutes . 

2 0 In one embodiment , the sintering . temperature is 

approximately 37 0°C and the -time duration is approximately ■ 

30 minutes. v • . ) 

In a further embodiment, a pore forming agent is added ~ 
prior to sinteri_ng. The agent may be stearic acid. 

25 The formulation may include lead and/or bismuth. 

In on© embodiment, the filter is an integral porous 
structure • 
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In another embodiment , the filter is formed by deposition , 
of the formulation onto a porous substrate. 

tested Psscytotion Qt tta Inygntxpn 

The invention will be more clearly understood from the 
following description thereof given by way of example only 
with reference to the following drawings in which: - 

Fig. 1 shows scanning electron micrographs of filter 
samples sintered in 100% nitrogen and 100* hydrogen 
atmospheres; 

Fig- 2 is an X-ray diffraction pattern of sintered 
powder; and 

Fig. 3 is an optical micrograph of the surface of 
filters . 

Words which are used in headings of subsequent parts of 
the description are underlined. 

In one example process of the invention, there is melt 
preparation in which an equiatomic composition of tin and 
antimony is melted in a, graphite crucible using an 
induction heater. True atomic intermixing occurs in the '-..J' 
molten state- The melt-is held for 10 minutes at-SO0 a e 
with a hydrogen gas cover to avoid oxidation. ~ - 

The melt is bottom poured into an atomisation no*2le 
operated with high . pressure nitrogen at a plenum pressure ' 
of 2.5 KPa for oas ato misation , . 'Nitrogen escapes through 
an annular gap surrounding the melt stream, causing 
formation of droplets. The adiabatic expansion of the gas 
rapidly cools the droplets and accelerates them away from 
m*lt source. During the subsequent flight- the 
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droplets freeze Into SbSn int«nnetallic crystalline 
particles with an average size of lO^in. Th* particles ara 
collected in water and dried to form a powder. 

The powder is subsequently loos© packed into a machined 
5 graphite mould to form a disc with the addition of 
approximately 2% by weight stearic acid as a pore former. 
The graphite is heated in a hydrogen aULTafigjLnq ITmggPhttEa ^ 
to bond the particles at 370°C for 30 minutes. 

By sintering in this maimer, a porous filter having an 
10 optimal balance between bonding and porosity is formed- (v; 

r 

The filter is then mounted in a conventional fuel supply 
line filter housing to produce a pre-combustion catalytic 
converter. One such filter housing ia described in US 
3954625. 

15 The filter has the following properties 
porosity: 40-50% 

permeability: lO^Su 1 ( 
pore size: P.5|iia 

The following description -..sets out alternative ways of 
20 implementing steps of the process. 

Melt Preparation 

The materials used could alternatively, or in addition, 
include other catalytic materials such as lead and/or 
bismuth to provide an alloy formulation. It is also 
2S envisaged that a small amount of platinum could be used. 

Where the formulation is SbSn, it need not be equiatomic . 
The end-product intermetallic must be stable and 
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preferably has a tin atomic percent age in the range of 
39.5 to 57%. . 

The melt may be at any temperature at which the melt, doas 
not absorb and/or react with oxygen - 

5 It is en.viaa.gad that the materials need nor necessarily be 
melted. For example, separate powders could be 

mechanically allayed wirh sufficient energy such that the 
metals physically combine into a single powder. 

Further, it is envisaged that a substrate having a porous 
10 structure may be used onto which the catalyst is coated, 
instead of providing an Integral porous structure. In 
this case, a ceramic or . metallic substrate may be used,, 
and the catalyst may be coated by chemical or physical 
vapour deposition techniques, or by plasma spray coating. 

15 Gas Atomisation 

The gas atomisation pressure is dependent on the dasirad 

particle size, while being sufficient to provide • the 

necessary high cooling rate. Xt is estimated that this is 
at least 10 3 °C/s . 



20 



For example, a lower pressure of 0.7 HPa may be used, 
providing a larger particle size of 2 0 uurci. 

The atomisation gas may alternatively be hydrogen argon,., 
helium or any other inert gas or any mixture of such 
gases » 

25 Sintering Atmosphere 



r 



It is not essential that a hydrogen atmosphere be used- 
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Due to the problems associated with using a lower 
temperature hydrogen furnace, sintering behaviour has been 
studied in nitrogen and nitrogen-hydrogen atmosphere*. 
It was found that sintering of filters in- either complete 
5 nitrogen or a cojabination of hydrogen and nitrogen 
atmospheres resulted in a. black coating on the surface. 
This was due to the deposition of carbon on the surface of 
the filter- Stearic 'acid is a hydrocarbon consisting of ^ 
several C-H bonds and was used as a pore-forming additive. 

10 Burn out of stearic acid is facilitated by the breaking of 
carbon-hydrogen bonds and the formation of simple gases 
using a reducing atmosphere. Hydrogen is a reducing ' (\7 ' 
atmosphere and helps in the burnout of stearic acid as 
well as in the sintering of the powders. The use of a 

15 nitrogen atmosphere does not cause these, two processes 
because of its non-reducing behaviour- The carbon 
deposition on the surface also hampered the sinterability 
of the powders. The samples sintered using the 
hydrogen/nitrogen combination were black* on the surface 

2 0 and were very fragile- The carbon coating was found only 
on the surface and not in the other sides of the filter. 

An interesting phenomenon noticed was that whan the powder 
samples were covered by a graphite plate over the mould 
during sintering, the carbon deposition was prevented. 

25 Also, the powders covered by the graphite plate and 
sintered in a nitrogen atmosphere showed the same 
sintering behaviour as tKe % ' povdors sintered in hydrogen 
atmospheres. The covering plate (which was made 
graphite) would have caused the formation of carbon 

30 monoxide which is a raducing atmosphere- ■ It is envisaged 
that a plate other than graphite could be used, provided 
same part of the mould is carbon when using a nitrogen 
atmosphere . 
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Figure 1 shows fractographs of samples sintered in full 
hydrogen and full nitrogen atmospheres. They have a 
similar pore structure. The permeability, density and 
shrinkage af the filters sintered in 100% nitrogen and f 
S 100% hydrogen atmosphere are ahown in Tabic 1. 

Tabic 1 

AHaosplicrc PtnneabUity Deoiity Shrinkage % SKHrdo^g* % Mo si Loss 

Cm*) (%) in ht la dis. (" 

100% R, U10" 53 20 11 3 J 

10 100% K, TxlO^ 1 61 17 9 J 3.1 

The X-ray diffraction patterns of the samples also show (/.' 
that the filters sintered using the nitrogen and hydrogen * v ) 
atmosphere form the same intermatallic phase SbSn (refer 
to Fig. 2) , 

15 In conclusion, powders mixed with 2 wt. % stearic acid 
showed the maximum permeability and pore size. The 
powders can be sintered in both 100% hydrogen as veil as . 
100% nitrogen atmospheres, but for sintering in 100% 
nitrogen, the samples have to be covered at the top by a 

2 0 graphite boat to provide a reducing atmosphere. The 
samples sintered in 100% nitrogen atmosphere also formed 
the same intermetallic SbSn phase. 



c 



Sintering may be carried out by heating graphite to 370°C K 
in a graphite boat arrangement. In this case, oxygen - ' \ ; ) 
25 reacts vith the graphite to ..form CO gas, fuxther oxidation 

reactions leading to formation of C0 2 . Both reactions- mm " — 
remove oxygen or oxides from the sintering environment. 
There is a continual consumption of graphite as it is 
transformed into a vapour over time. 

3 0 Any suitable reducing atmosphere could be used. Examples 
axe use of methane, CO, H 1# Nx-Hi mixes, NH JF and 
dtsaor.Ut^d Ammonia. Suitable combinations of the above 
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gases could be used by andothermic or exothermic burning 
processes. In particular, the use of H^N* is attractive 
because at low H r levels of a few percent/ the atmosphere 
is non-explosive / yet still reducing. 

5 Additional Step - Sintering Additives 

The process nay have the additional step of adding an y. 
additive to the intermetallic powder to dilate the pores 
during sintering to provide a larger catalyst surface 
area. This is briefly referred to above and is described 
10 in more detail in this section, ' 



In a specific example , stearic m acid was chosen as a binder 
to be added to the powder to increase th.e permeability. 
The stearic acid used was Induotrene 5016 manufactured by 
Witcc. The reason for choosing stearic acid was that it 

15 completely burns out before reaching the sintering 
temperature of 370"C« Stearic acid and the powder ware 
mixed in a grinder to form a uniform blend of the powder 
and the binder. The total time of grinding was 
approximately 2 minutes. The grinding was done in short 

20 time intervals of 20 seconds so as to prevent malting of 
stearic acid caused by heat generated in the grinder. 

The sintering experiments were carried out in a retort in 
both nitrogen and hydrogen atmospheres- The permeability 
experiments were conducted^.' using permeability measuring 
25 equipment using air as the flow medium and mercury as the 
reference liquid in a column. The Archimedes method waeT 
used to measure the final density. 

Table 2 below compares the % density and permeability of 
filters sintered by mixing powders with different weight 
3 0 percentages of stearic acid at 37 0'C in H z atmosphere - 



Tfil E INTER' L PATENT &LRUI OFFICE * 509375448? 



N0.46S 



Table 2* 



WL % binder 



P arnica Mil Cy (m*) 



tore dlAjeonlcr (purn) 



Density (ft) 



1J 
2 



1 



0 

OJJ 



5xl(^ ,3 



20 
37 
IS 
50 



61 
65 
65 
61 



2x10' 



53 



5S 



(* All the measurements were made, for powders wintered in 
a cavity made af graphite boat, 19 ram in diameter and 4.3 
mm in height and ware not of the size of the actual 
filter) - 

The powder mixed with 2 wt.% stearic acid gave a maximum 
permeability of 2xlO~ Ll m 2 and .was approximate ly 50 tijaes 
more permeable than the powder sintered without any 
binder. The powders mixed with 0.5 and X wt.% binder 
showed an increase in density while the powders mixed with 
1.5 and 2 wt.% showed a decrease in density- Powders 
mixed with stearic acid showed better sintering behaviour 
than tha powders that were not mixed with binders. The 
initial increase in density could be attributed to this 
behaviour- The decrease in density for powders mixed with 
more than 1 vt.% was due to^the excessive pores created by 
the burnout at stearic acicf. The powder mixed with 2 wt.% 
stearic acid and sintered had a maximum pore size of 52 um 
and the highest porosity/ Figure 3 shows the optical 
micrographs of the surface of filters sintered frpia- 
powders with 0 and 2 wt.% stearic acid. 

In general , any suitable agent which occupies space during 
heating but burns out during sintering may be used. Clean 
burnout at relatively low temperatures is desired. 
Stearic acid in powder form has been found to be suitable 
at a particle size of lOOym or less. The powoer may oe 
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- higher t^HbUi,, 1(tK . lnt . ring . tui * Vlth 

Properties could ba us.h «-«■»■ general 

9 w * xes *»d organic gals . 
It is also envisaged that a 

ro orovid* ! P fonrong agant which acts 

t:o provide a r.ducing atmo.ph.re could be us.d for 
example paraffin Vax , ^ ^ ^ ^ 

The invention is ft0t ro ^ 

^«r* k hav * phyaicai -Hich «. 

dLSr GUtUliad * J50V -- Th * Moving are 

desirable parameter value ranges:- 

" porosity.- 30 to SQ% 

permeability.- i to 400 x 1 0 "'V 
pore si ZS: 2 ro 3QQum 

The filcer may ha of anv ,„(,..l, 

i»f gallic coruoounH J W * * table 

2 0 Where the t i of a catalytic metal formulation. 
w " erfl tjio junta. Is arfi tin »>»J ^ , 

compositions ma y v. ^ ^ * h * " Utive 

above 12L , ^ VitHin rh * d««iJb.d 

ho used " nal " 0taiS " W««h »y " ■ ■ 

« X P re OCe Vhe ne f" aintermg. For ^ 

riZn or v ' - b6 Pr ° dUC8d b * -Pinmmr 
which c as «-Pr.«-ing it into filter form, in 

vhich case .inrering may not be n«ce,.axy 



'I 
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rt is also envisaged char the filter could be formed from 
one or a number of layers bo that: the desired properties 
are obtained using the layers a* "standard parts". 

It will be appreciated that . the invention provides a 
converter which may be used alone or in combination with 
a conventional post-combustion converter to dramatically 
reduce noxious emissions such as soot, hydrocarbons, and 
NO x emissions. The following are some advantages of the 
converter of the invention! - 

it can be used for any fossil fuel burning engine , ^ 

it is a direct substitute for conventional fuel 
filters, 

it catalyses the fuel and reduces exhaust 
emissions, 

it vorks in conjunction with post-combustion 
f iltars , 

the filter (and the case) are recycl&ble, 

it operates at the *' ambient temperature of the. 

fuel, either in the tank or in the fuel supply 

1 ine . " . 



Wb/lU/tf4 uy:Ub Tfll E INTER' L PATENT &LALJ OFFICE * 5093754487 ND.468 P018/02.3 

"% 85100732 *t1*+*J«IJ*iMw ' 

" 14 88-^06^ 30 af^tr 

CLAIMS 

1- A pre-combustion catalytic converter 
comprising a porous filter formed at least 
partially from or having a coating of a catalytic 
formulation of a stable intermetallic compounds 
comprising tin and anHmnny. 

2L. A pre-combustion catal ytic converter a s claimed 

in claim 1, wherein ths tin atomic composition 
is in the range of 39 ..5..%_t.o..5T% .. 

3- — - — A pre-combnsti on catalytic converter a_a 

claimed in claim 1, wherein the filter has a 
porosity in the range of 30% to 50ft. 

A pre-combustion catalytic converter as claimed 1 

in claim 1 , wherein the filter has a permeable ity 
"of lxlQ- 13 m 2 to 400x 1 m 2 , 

5- A pre-combustion cataly tic con verter as claimed 

in claim 1, wherein the filter has pores with 
sizes in the raage q£ 2 m to 3QQ nm. 

JL. Apre-combustion cat a 1 ytic converter as claimed 

in claim I, wherein the filter has an integral 
porous structure. 

2_. A process for producing filter for a pre- 

CQmbUStion catalytic converter, the process 

comprising the steps of; i 

preparing a cata.ly.tic .formulation of a stable 

intermetal lie compound , comprising tin and 

antimony; and 

forming the formulation into a porous .filter or 
coating the formulation onto a porous filter 
substrate 

iL A process as claimed in claim 7. wherein the 

formulation has a tin atomic composition in the 
range of 39.5% to 57ft. 

2-. A process as claimed in claim 7. Wher ein the 

filter is an integral porous structure formed 

by preparing a melt, forming the melt into 
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droplets, rapi dly soli difying the droplets to 
form inter-metallic particles, and subsequently 
bonding the particles. 

10. A process as claimed in claim 7, wherein the 

. formulation includes 1 Rad- 
ii . A pr ocess as claimed in claim 1. wherein the . 
formulation includes bismuth. 

17. A process as claimed in claim 7. wherein the 
filter is an integral porous structure. 

L2L A process as claimed in claim 7, wherein the 
filter is formed by deposition of the 

formulat ion onto a porous substrate. •> 

14. A p rocess as claimed in claim 9, wherein an inert 
atmosphere is provided around the melt to 

prevent, oxidation. 

15. A process as cl aim ed in claim 9. wherein the melt 
temperat ure i s below a level at which the melt 
becomes significantly reactive and absorbs., 
and/or reacts with oxygen. 

liL A process as claimed in claim 9, wherein the 
particles are bonded by sintering. 

17. A p rocess as claimed in claim 9 or 10, wherein 

the droplets are formed by gas atomisation \ 
whereby an i nert gas breaks up a melt stream into 
the droplets . 

JJL A process as claimed in claim 11, wherein 
nitrogen is used for gas atomisation. 

19. A process as claimed in claim 14, wherein the 
melt comprises tin and antimony and the 
sintering takes place at a temperature in the 

range .100 °C to 425 °C for a time duration of 2Q 
to 4 0 minutes. 



2D_ h process, as claimed in claim 14, wherein a pore 

formi ng . agent is added prior t.o sintering. 
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2JL. A process as clalmad in claim T S, whsrp. in the 

sintering temperafure is apprnximai-Ply 170 °r. 
and the time duration is apprnv i m^fpl y 30 
minutes , 

2.2.-. — A Process as claimed in claim 17. wherein the 

pore forming agent i s . stearic flici d . 

2_3_, A pre-combusti on catalytic converter whenever 

produced by a process as claimed in claim 7. 
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Ffgyre \: Scdnning electron micrograph of samples sintered in 100* nitrogen 
and 1005 hydrogen acnospherc 
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